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Attention:  Dwight Doughty, Jr., C.G. 
 
Subject:  Report on Machias Landfill Investigation 
    Machias Dike Bridge 
    MaineDOT WIN 16714.00 
    Machias, Maine 
 
Ladies and Gentlemen: 
 
We are pleased to submit herewith our report entitled, “Report on Machias Landfill Investigation, 
Machias Dike Bridge, MaineDOT WIN 16714.00, Machias Maine.”  This report has been prepared in 
accordance with our mutually agreed upon work scope and in accordance with the scope outlined in our 
Assignment Letter #8, dated 14 June 2022, under our environmental MultiWIN contract number 
20170626000000000824 dated 22 June 2017. 
 

Introduction 

This report presents the results of the subsurface investigation and laboratory testing programs, 
groundwater monitoring program, and geotechnical evaluations conducted by Haley & Aldrich, Inc. 
(Haley & Aldrich) on behalf of the Maine Department of Transportation (MaineDOT) for the proposed 
Machias Dike Bridge project at the Machias Landfill in Machias, Maine (see Figure 1, Project Locus). 
 
HORIZONTAL COORDINATE SYSTEM AND ELEVATION DATUM 

Plan locations of test borings are reported as northing and easting coordinates relative to the Maine 
State Plane Coordinate System, North American Datum of 1983 (NAD 83), Maine 2000 East Zone. 
 
The project elevation datum and elevations referenced herein are in feet and reference the North 
American Vertical Datum of 1988 (NAVD 88). 
 
PROJECT LOCATION AND EXISTING SITE CONDITIONS 

The project site is located at an existing, grass‐covered, closed landfill, with natural site grades around 
the landfill ranging from approximately El. 10 northeast of the landfill to approximately El. 55 southwest 
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below existing ground surface (BGS) using 4‐in. (HW‐size) inside diameter (ID) steel casing.  At three 
locations (HA22‐1/HA22‐1B, HA22‐2, and HA22‐5), the borings were drilled to bedrock and each 
sampled 5 ft of rock core.  Soil samples were generally collected continuously through fill soils and at 
standard, 5‐ft intervals thereafter, by driving a 1‐3/8‐in. inside diameter (ID) split‐spoon sampler with a 
140‐lb hammer dropped from a height of 30 in., as indicated on the test boring logs.  The number of 
hammer blows required to advance the sampler through each 6‐in. interval was recorded and is 
provided on the boring logs.  The uncorrected SPT N‐value (N‐uncorrected) is defined as the total 
number of blows required to advance the sampler through the middle 12 in. of the 24‐in. sampling 
interval. 
 
The drill rigs were equipped with calibrated automatic hammers.  Based on the calibration information 
provided by NEBC and SWC, a theoretical hammer efficiency factor of 0.863 and 0.91 were used for the 
automatic hammers.  The energy‐corrected SPT N‐value (N60) is equal to the uncorrected SPT N‐value 
multiplied by the hammer efficiency factor (0.863 or 0.91) divided by 0.6 (i.e., 60 percent calculated 
hammer efficiency).  Both the raw blow count (uncorrected N‐values) and the corrected N‐values are 
shown on the boring logs. 
 
All soil and bedrock samples were collected and preserved in glass jars and wooden boxes, respectively.  
The samples that were not submitted for laboratory testing are available for review upon request.  The 
available soil and bedrock samples are currently being stored at the Haley & Aldrich storage facility in 
Portland, Maine. 
 
Five observation wells were installed in the completed boreholes HA22‐1B, HA22‐2, and HA22‐8 through 
HA22‐10 to provide information on the variability of static groundwater levels at the site and to collect 
samples for groundwater testing.  The observation wells consisted of 2‐in. ID, machine‐slotted PVC pipe 
and solid PVC riser pipe extending approximately 2.4 to 3.1 ft above existing ground surface.  The 
observation wells were outfitted with steel guard pipes and lock/cap assemblies.  The observation well 
installation and groundwater monitoring reports are provided in Appendix B. 
 
All drilling and sampling operations were performed in accordance with MaineDOT specifications. 
 

Generalized Subsurface Conditions 

SOIL CONDITIONS 

The subsurface conditions encountered at the site during the recent subsurface exploration programs 
completed by Haley & Aldrich generally consist of the following geologic units presented in order of 
increasing depth below ground surface: fill, clay cap, landfill waste and cover, marine deposit 
(reworked), tidal marsh deposit, marine deposit (natural), fluvial deposit, glacial till, and bedrock.  Refer 
to Table II for a summary of the soil units and encountered thicknesses at each test boring location.  A 
general description of each soil/bedrock unit is provided separately, below.  Detailed soil and bedrock 
descriptions are provided on the boring logs included in Appendix A. 
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Soil Unit 

Approximate 
Range in 

Encountered 
Thickness (ft) 

Generalized Description 

Fill  4 
Silty fine to medium SAND, trace coarse sand and gravel (only 
encountered in test boring HA22‐8, located at the edge of the 
public works storage area, outside the landfill footprint) 

Clay Cap  1 to 4 

Medium stiff to very stiff silty CLAY, trace coarse gravel 
(encountered in test borings HA22‐1/1B, HA22‐2, HA22‐5, and 
HA22‐6; the clay cap may be present at the location of 
HA22‐7, however was not encountered likely due to sampling 
frequency) 

Landfill Waste and 
Cover 

5 to 22 

Medium stiff to hard silty CLAY, trace fine to coarse sand and 
gravel; loose to very dense fine to coarse SAND, trace silt; 
contains occasional cobble pieces, ash layers, and 
approximately trace to 40% waste consisting of newspaper, 
plastic bag, wood, glass, metal, wire, plastic netting, and 
insulation (encountered in test borings HA22‐1/1B, HA22‐5, 
HA22‐7, and HA22‐10) 

Marine Deposit 
(Reworked) 

11 to 13 
Very stiff to hard silty CLAY (encountered in test borings 
HA22‐1/1B and HA22‐7 in the central portion of the landfill) 

Tidal Marsh 
Deposit 

> 4.6 
Very loose silty fine SAND, trace medium sand (only 
encountered in test boring HA22‐10 east of the landfill) 

Marine Deposit 
(Natural) 

3 to > 21 

Medium stiff to hard silty CLAY, layered depositional 
structure, occasional fine sand lenses (encountered in test 
borings HA22‐1/1B, HA22‐2, HA22‐5, HA22‐6, HA22‐8, and 
HA22‐9) 

Fluvial Deposit  7 
Medium dense fine to coarse SAND, little silt, trace gravel; 
contains cobbles and boulders (only encountered in test 
boring HA22‐5 along the northern edge of the landfill) 

Glacial Till  1 to 4 
Dense to very dense fine to coarse SAND, trace silt, little 
gravel, loosely bonded; contains cobbles (encountered in test 
borings HA22‐1/1B, HA22‐5, and HA22‐7) 

Bedrock 
Top of bedrock surface encountered at depths ranging from 
approximately 9.0 to 38.7 ft BGS (El. ‐5.1 to El. 8.0). 

 
Please note that soil descriptions provided on the logs In Appendix A represent subsurface conditions at 
the specific boring locations.  The subsurface conditions encountered between test boring locations may 
vary from those encountered in the borings. 
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BEDROCK CONDITIONS 

As stated previously, approximately 5 ft of bedrock was cored in three of the test borings.  The 
recovered bedrock samples generally consisted of the following: 
 
 Very hard to hard, fresh to slightly weathered, dark gray, porphyritic BASALT with occasional 

1‐in. thick clasts.  Primary joints dip horizontally and are moderately closely spaced, open. 
 Very hard to hard, slightly weathered, dark gray and white, aphanitic to coarse‐grained basaltic 

TUFF BRECCIA.  Primary joints dip horizontal to low angles and are very close to moderately 
closely spaced, open. 

 
Rock quality designation (RQD) is a common parameter that is used to help assess the competency of 
sampled bedrock.  RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in length 
divided by the total length of the bedrock core run.  RQD values for the BASALT encountered at the site 
ranged from 43 to 85 percent (average of 66 percent) indicating poor to good rock quality.  RQD values 
for the TUFF BRECCIA encountered at the site was 78 percent indicating good rock quality. 
 
Photographs of the sampled bedrock are provided for reference in Appendix A. 
 
GROUNDWATER CONDITIONS 

As discussed previously, an observation well was installed in completed boreholes HA22‐1B, HA22‐2, 
and HA22‐8 through HA22‐10 to provide information on the static groundwater levels at the site.  The 
measured water levels during the period 28 June 2022 to 7 September 2022 ranged from approximately 
0.1 ft above ground surface to 27.3 ft below ground surface (El. ‐0.9 to El. 62.1).  In addition, water was 
encountered during drilling in borings HA22‐1B, HA22‐2, and HA22‐8 through HA‐22‐10, at depths 
ranging from approximately 3.6 to 29.7 ft BGS (El. ‐3.3 to El. 59.1). 
 
Groundwater flow directions in the overburden were evaluated based on water level measurements 
collected from the installed monitoring wells on 15 August 2022.  Groundwater elevations ranged from 
El. 55.6 in HA22‐8 to El. 10.2 in HA22‐9.  As anticipated, groundwater generally flows in an easterly 
direction towards the Middle River. 
 
In general, water levels may fluctuate with season, precipitation and local soil/bedrock conditions.  
Therefore, water levels may vary from those summarized above, shown on the boring logs included in 
Appendix A and shown on the groundwater monitoring reports included in Appendix B. 
 

Groundwater Analytical Testing Program 

Groundwater samples were collected from select monitoring wells including HA22‐8, an upgradient well 
located in the western portion of the site in the vicinity of the Machias Public Works facility, and 
monitoring wells HA22‐2, HA22‐9 and HA22‐10 located at the landfill toe‐of‐slope (see Figure 2).  
Groundwater samples were collected for laboratory analysis for various parameters to assess potential 
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groundwater impacts to areas downgradient of the landfill.  Groundwater samples were collected from 
the monitoring wells on 15 and 16 August 2022. 
 
Prior to sample collection, the wells were purged using dedicated polyethylene tubing and a variable‐
rate peristaltic pump.  During the well purging, field measurements including pH, specific conductance, 
turbidity, dissolved oxygen, temperature, and oxidation‐reduction potential (ORP) were monitored using 
a flow‐through cell.  Well evacuation continued until field parameters showed stable readings per the 
EPA low‐flow sampling guidance.  Copies of the low‐flow sampling forms are included in Appendix D. 
 
After the field parameters of the well discharge stabilized, groundwater samples were collected for 
laboratory analysis directly from the discharge of the pump tubing prior to the flow‐through cell.  The 
samples analyzed for dissolved metals were filtered in the field using disposable 0.45‐micron filters.  The 
samples were transferred directly to laboratory‐supplied containers, labeled, and packaged in coolers 
with ice and chain of custody documentation for submission to the testing laboratory.  The samples 
were submitted to Alpha Analytical Laboratories (Alpha) for analysis. 
 
Based on discussions with MaineDOT and the Maine Department of Environmental Protection (MEDEP), 
groundwater samples from each of the four monitoring wells were sampled for the following 
parameters: 
 
 Volatile Organic Compounds (VOCs) by Method 8260C 
 Semi‐Volatile Organic Compounds (SVOCs) by Method 8270D‐SIM 
 Pesticides by Method 8081B 
 Herbicides by Method 8151A 
 Dissolved Metals and Hardness 
 Inorganics and Miscellaneous (Alkalinity, Nitrogen, Chemical Oxygen Demand, Total Organic 

Carbon, Bromide, Total Dissolved Solids, Nitrogen‐Nitrates, Hexavalent Chromium, Chloride, 
Sulfate  

 Perfluorinated Alkyl Acids (PFAS) by Alpha Method 134, LCMSMS‐ID 
 
The laboratory analytical results are summarized in Table III.  Copies of the chain of custody 
documentation and the laboratory reports/analytical results are included in Appendix E. 
 
ANALYTICAL RESULTS SUMMARY 

Consistent with the MEDEP, the groundwater sample results collected in the vicinity of the landfill were 
compared to drinking water MEDEP Maximum Exposure Guidelines (MEGs) and EPA Maximum 
Contaminant Levels (MCLs) in addition to MEDEP Construction Worker Groundwater Remedial Action 
Guidelines (RAGs).  For several parameters, including VOCs, SVOCs and herbicides, the laboratory 
detection limits exceeded the more stringent drinking water MEGs and MCLs for certain compounds as 
summarized below. 
 

 VOCs – Various VOCs were detected in groundwater samples from each of the four wells.  With 
the exception of naphthalene in HA22‐8, all detected VOC concentrations were below the 
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applicable MEG, MCL and RAGs criteria.  The detected concentration of naphthalene in the 
groundwater sample from HA22‐8 was 49 ug/L, which exceeded both the MEG (10 ug/L) and the 
RAG (19ug/L). 

 SVOCs – No SVOCs were detected in HA22‐2.  Various SVOCs were detected in HA22‐8, HA22‐9 
and HA22‐10, however, none of the detected SVOCs exceeded the applicable MEGs, MCLs or 
RAGs criteria. 

 Inorganic Compounds (Dissolved Metals) – Metals including arsenic, chromium, hexavalent 
chromium, copper, lead and mercury were not detected above laboratory detection limits in any 
of the groundwater samples.  Barium was detected in all four samples but only the detected 
concentration in HA22‐10 (2.18 mg/L) exceeded the MEG (1 mg/L) and the MCL (2 mg/L).  The 
detected concentration of cadmium in HA22‐9 (0.005 mg/L) exceeded the MEG (0.001 mg/L).  
Iron was detected in all samples at concentrations ranging from 0.168 mg/L (HA22‐2) to 148 
mg/L (HA22‐8).  The detected concentration of iron in HA22‐9 and HA22‐10 exceeded the MEG 
(5 mg/L) and the detected concentration of iron in HA22‐8 exceeded both the MEG and the 
RAG.  Manganese concentrations ranged from 0.396 mg/L (HA22‐10) to 39.6 mg/L (HA22‐9) and 
concentrations in HA22‐2, HA22‐8 and HA22‐10 exceeded the MEG (0.3 mg/L) and detected 
concentrations in HA22‐9 exceeded both the MEG and RAG (37 mg/L).  Sodium concentrations 
ranged from 412 mg/L (HA22‐2) to 2,380 mg/L (HA22‐9).  Detected sodium concentrations in 
each of the four monitoring wells exceeded the applicable MEG (20 mg/L).  Calcium was 
detected in each of the samples at concentrations ranging from 98.3 mg/L (HA22‐10) to 478 
mg/L (HA22‐9).  Hardness ranged from 335 mg/L (HA22‐10) to 2,010 mg/L (HA22‐9).  
Magnesium was detected in each of the samples at concentrations ranging 21.7 mg/L (HA22‐10) 
to 198 mg/L (HA22‐9).  Potassium was detected at concentrations ranging from 9.42 mg/L 
(HA22‐8) to 29.3 mg/L (HA22‐9).  There are no applicable criteria for calcium, hardness, 
magnesium or potassium. 

 Dissolved Gases and Other Landfill Parameters – Dissolved gas ethene was not detected in any 
of the samples.  Ethane was detected in HA22‐9 (0.51 ug/L) and HA22‐10 (2.63 ug/L) and 
methane was detected at concentrations ranging from 32.6 ug/L (HA22‐2) to 9,310 ug/L 
(HA22‐8).  There is no applicable criteria for ethene, ethane or methane.  None of the detected 
concentrations of ammonia exceed the applicable MEG.  Detected concentrations of both 
nitrate and nitrite were below the MEG, MCL and RAG criteria.  Total dissolved solids (TDS) were 
detected at concentrations ranging from 1,700 mg/L (HA22‐2) to 7,200 mg/L (HA22‐9).  
Bicarbonate concentrations ranged from 64.2 mg/L (HA22‐8) to 405 mg/L (HA22‐2).  Bromide 
concentrations ranged from 1.83 mg/L (HA22‐2) to 9.39 mg/L (HA22‐8).  Detected 
concentrations of calcium carbonate ranged from 64.2 mg/L (HA22‐8) to 405 mg/L (HA22‐2).  
Chemical oxygen demand (COD) ranged from 47 mg/L (HA22‐2) to 370 mg/L (HA22‐9).  Chloride 
concentrations ranged from 838 mg/L (HA22‐2) to 4,190 mg/L (HA22‐9).  Total organic carbon 
(TOC) concentrations ranged from 3.31.mg/L (HA22‐2) to 4.53 mg/L (HA22‐10).  There is no 
applicable criteria for TDS, bicarbonate, bromide, calcium carbonate, COD, chloride or TOC. 

 Herbicides and Pesticides – No herbicides or pesticides were detected above the laboratory 
reporting limits. 
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 PFAS – Various PFAS compounds were detected in samples collected from each of the 
monitoring wells.  Total PFAS ranged from 26.5 ng/L (HA22‐8) to 181 ng/L (HA22‐10).  The 
detection of PFOS in HA22‐10 (72 ng/L) exceeded the MEG (70 ng/L) and the detection of PFOA 
in both HA22‐2 (84 ng/L) and HA22‐10 (71.2 ng/L) exceed the MEG criteria (70 ng/L). 
 
The Maine Center for Disease Control (CDC) has implemented an interim drinking water 
standard of 20 ng/L‐parts per trillion (ppt; alone or in combination) for the six regulated PFAS 
contaminants that include: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), 
perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluoroheptanoic acid 
(PFHpA) and perfluorodecanoic acid (PFDA).  Total PFAS (6) results ranged from 26.5 ng/L 
(HA22‐8) to 181 ng/L (HA22‐10) with all samples exceeding the CDC 20 ng/L standard.  Total 
PFAS (6) results for the remaining samples from downgradient wells HA22‐2 and HA22‐9 were 
detected at 173 ng/L and 123 ng/L, respectively.  Based on the comparison of the Total PFAS (6) 
results from the upgradient well (HA22‐8) to the three downgradient landfill wells (HA22‐2, 
HA22‐9 and HA22‐10), it appears that the landfill debris is contributing to the increased 
concentrations of Total PFAS (6). 

 
Based on the comparison to the drinking water MEGs and MCLs of the groundwater sample analytical 
results collected from monitoring wells located along the toe of the existing landfill slope, it does not 
appear that groundwater beneath the landfill would have a significant environmental impact to 
downgradient surface water quality associated with the Middle River east of the landfill. 
 

Geotechnical Laboratory Testing Program 

A geotechnical laboratory testing program was undertaken by Haley & Aldrich on representative soil 
samples collected during the subsurface exploration program to aid in soil classification and 
determination of engineering soil properties.  All laboratory testing was performed in accordance with 
applicable American Society for Testing Materials (ASTM) testing procedures by GeoTesting Express, Inc. 
(GTX) of Acton, Massachusetts.  Laboratory test results are provided in Appendix C and are shown on 
boring logs in Appendix A.  A summary of laboratory test results is provided below. 
 

Laboratory 
Test 

ASTM Test 
Designation 

Soil Unit 
No. of 

Completed 
Tests 

Range in Test Results1 

Atterberg 
Limits 

ASTM 
D 4318 

Marine 
Deposit 

3 
38 < LL < 45 
20 < PL < 23 
18 < PI < 22 

Notes: 
1 LL = Liquid Limit; PL = Plastic Limit; PI = Plasticity Index 
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Geotechnical Evaluations 

Geotechnical analyses were completed to evaluate global stability of the landfill under current and 
future water level conditions as described below.  Engineering calculations that support the evaluations 
outlined in this section are provided for reference in Appendix F. 
 
Static and pseudo‐static seismic stability evaluations were conducted at two critical sections in the 
northeast and southeast edges of the existing landfill.  These areas were identified as being “critical” 
from a geotechnical standpoint as they had the steepest slopes and were closest to the potential new, 
higher inundation area.  A series of computer‐assisted, two‐dimensional global stability evaluations 
were performed using the computer program Slide2 Version 9 to evaluate the likelihood of global 
stability failures at the site. 
 
A typical soil profile was developed based on the subsurface conditions encountered in the test borings 
at each cross section.  The following physical and strength properties were used to complete the global 
stability evaluations: 
 

Material  Unit Weight 
(pcf) 

Friction Angle 
(degrees) 

Undrained Shear 
Strength (psf) 

Clay Cap  120  ‐  775 

Landfill Waste and Cover  120  28  550 

Marine Deposit (reworked)  120  ‐  3,000 

Marine Deposit (natural)  120  ‐  1,500 

Fluvial  120  35  ‐ 

Glacial Till  130  38  ‐ 

Bedrock  infinite strength 

 
The landfill waste and cover material sampled in borings included both cohesive and cohesionless soils.  
As shown in the table below, modeling the landfill waste and cover layer stratum with cohesive 
properties yielded more conservative results at Section A‐A, therefore the cohesive properties were 
used for the remainder of our evaluations. 
 
Two groundwater conditions were modeled at each section.  A model with current groundwater levels 
was run at each cross section based on conditions observed in observation wells during the recent 
subsurface exploration program.  A model with groundwater level equal to high tide plus storm surge 
plus sea level rise water level of El. 14.7 was also run at each section.  This higher elevation was provided 
to us by MaineDOT. 
 
The calculated global stability factors of safety (FoS) values at sections A‐A and B‐B are summarized 
below. 
 

OR 
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Section 
Landfill Waste and 
Cover Properties 

Calculated FoS 

Static  Seismic 

SE Landfill Section A‐A 
(Current Groundwater 

Level; El. 12.1) 
cohesive  1.53  1.24 

SE Landfill Section A‐A 
(Current Groundwater 

Level; El. 12.1) 
cohesionless  2.04  1.66 

SE Landfill Section A‐A 
(Future High 

Tide/Storm/SLR; El. 14.7) 
cohesive  1.53  1.24 

NE Landfill Section B‐B 
(Current Groundwater 

Level; El. 11.0) 
cohesive  1.86  1.36 

NE Landfill Section B‐B 
(Future High 

Tide/Storm/SLR; El. 14.7) 
cohesive  1.86  1.36 

 
The factor of safety for pseudo‐static seismic load cases was calculated using a horizontal acceleration 
coefficient, kh, of 0.06g (i.e., one half of the acceleration coefficient, As).  A value of As/2 was selected in 
accordance with AASHTO LRFD guidance in Section 11.6.5.2.2; the reduction from As is due to soil slope 
flexibility and the fact that the peak ground acceleration during an earthquake lasts only for a very short 
period of time. 
 
The minimum required factor of safety as specified by both AASHTO LRFD and the MaineDOT BDG for 
embankments under static conditions which do not support structures is 1.3.  The minimum required 
factor of safety for landfills under static conditions is typically 1.5.  The minimum required factor of 
safety for embankments subjected to pseudo‐static seismic loading is 1.1 (FHWA GEC No. 3). 
 
The results indicate that the current and future conditions meet the required minimum acceptable 
factors of safety.  Note that the increase in groundwater level did not impact the factors of safety.  
Although the water level at the toe of the landfill is expected to increase, the water level within the 
landfill where the critical failure surfaces are located is currently above El. 14.7, and is not expected to 
change significantly, as illustrated in the sketch below. 
 
Per your request, we completed additional technical evaluations to determine the sensitivity of 
increased groundwater levels on the global stability results.  The results of the evaluations indicate that 
elevated water levels outside the landfill (i.e., at and outboard of the toe of the landfill slope) would not 
negatively impact global stability factors of safety.  Elevated water levels within the landfill (i.e., inboard 
of the landfill toe) were found to have a slight negative impact on the factor of safety, but the levels 
would need to be raised considerably (i.e., up to approx. El. 31, about 16 ft above maximum inundation 
flood level and 11 ft above measured stabilized water levels within the landfill) to cause an 
unsatisfactory factor of safety. 
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In our evaluations we assumed that no changes would be made to the landfill and adjacent ground 
surface.  We also assumed that since the groundwater sample analytical results came back favorably, it 
would not be necessary to remove any of the waste (i.e., no excavation into the landfill).  Note that 
based on the subsurface conditions encountered in the borings, the majority of the waste seems to be 
located above the future water level (El. 14.7).  Based on interpolation between borings, there may be a 
small area of waste present below the future water level at the toe of slope at Section A‐A (bottom 
interpolated at approximately El. 10.6), as shown in the sketch below. 
 

 
 
Note that although increased water levels are not anticipated to cause global stability problems, they 
may cause surficial erosion/scour at the toe of the landfill.  To protect against erosion/scour, we 
recommend placing a 3 ft‐thick layer of plain riprap on the slopes from the existing toe of slope up to 
El. 15 (slightly above the maximum inundation water level).  Refer to MaineDOT standard detail for 
“Stone Scour Protection, 610(02)” for additional information. 
 

Conclusions 

 Based on the comparison to the drinking water MEGs and MCLs of the groundwater sample 
analytical results collected from monitoring wells located along the toe of the existing landfill slope, 
it does not appear that groundwater beneath the landfill would have a significant environmental 
impact to downgradient surface water quality associated with the Middle River east of the landfill. 
 

 The results of the geotechnical evaluations indicate that the current and future conditions meet the 
required minimum acceptable factors of safety.  Evaluations indicate that the global stability factor 
of safety is not sensitive to changes in water level. 
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Limitations 

This report is prepared for the exclusive use of MaineDOT relative to the subject project.  There are no 
intended beneficiaries other than MaineDOT.  Haley & Aldrich shall owe no duty whatsoever to any 
other person or entity on account of the Agreement or the report.  Use of this report by any person or 
entity other than MaineDOT for any purpose whatsoever is expressly forbidden unless such other 
person or entity obtains written authorization from MaineDOT and Haley & Aldrich.  Use of this report 
by such other person or entity without the written authorization of MaineDOT and Haley & Aldrich shall 
be at such other person’s or entities sole risk and shall be without legal exposure or liability to 
Haley & Aldrich. 
 
Use of this report by any person or entity, including by MaineDOT, for a purpose other than relative to 
the subject project is expressly prohibited unless such person or entity obtains written authorization 
from Haley & Aldrich indicating that the report is adequate for such other use.  Use of this report by any 
other person or entity for such other purpose without written authorization by Haley & Aldrich shall be 
at such person’s or entities sole risk and shall be without legal exposure or liability to Haley & Aldrich. 
 
The information provided herein is based, in part, upon the data obtained from the referenced 
subsurface explorations.  The nature and extent of variations between explorations may not become 
evident until construction.  If variations then appear, it may be necessary to reevaluate the 
recommendations of this report. 
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Closure 

We appreciate the opportunity to continue to provide MaineDOT services on this project.  Please do not 
hesitate to call if you have any questions or comments. 
 
Sincerely yours, 
HALEY & ALDRICH, INC. 
 
 
 
Erin A. Force, P.E.          David A. Dearden 
Senior Geotechnical Engineer         Senior Environmental Geologist 
 
 
 
Wayne A. Chadbourne, P.E. 
Lead Quality Control Engineer 

   

 
Enclosures: 
  Table I –  Subsurface Exploration Location Data 
  Table II –   Subsurface Exploration Subsurface Data 
  Table III –   Summary of Groundwater Analytical Results 
  Figure 1 –   Project Locus 
  Figure 2 –   Site and Subsurface Exploration Location Plan 
  Appendix A –   Test Boring Logs and Rock Core Photographs 
  Appendix B –   Observation Well Installation and Groundwater Monitoring Reports 
  Appendix C –   Geotechnical Laboratory Test Results 
  Appendix D –   Low Flow Field Sampling Forms 
  Appendix E –   Groundwater Analytical Results 
  Appendix F –   Geotechnical Design Calculations 
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TABLE III
Summary of Groundwater Analytical Results 
Machias Landfill Investigation
Machias Dike Bridge                            

MaineDOT WIN 16714.00
Machias, Maine

Location Name HA22-2(OW) HA22-8(OW) HA22-9(OW) HA22-10(OW)

Lab Sample ID
L2244025-01
L2244025-05

L2244025-02
L2244025-06

L2244025-03
L2244025-07

L2244025-04
L2244025-08

Volatile Organic Compounds (ug/L) 
1,1,1,2-Tetrachloroethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 10 NA 620
1,1,1-Trichloroethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 10000 200 29000
1,1,2,2-Tetrachloroethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 2 NA 90
1,1,2-Trichloroethane ND (0.75) ND (0.75) ND (0.75) ND (0.75) 6 5 12
1,1-Dichloroethane 1.6 ND (0.75) ND (0.75) 1.3 60 NA 2200
1,1-Dichloroethene ND (0.5) ND (0.5) ND (0.5) ND (0.5) 40 7 960
1,1-Dichloropropene ND (1) ND (1) ND (1) ND (1) NA NA NA
1,2,3-Trichlorobenzene ND (1) ND (1) ND (1) ND (1) NA NA 2900
1,2,3-Trichloropropane ND (1) [A] ND (1) [A] ND (1) [A] ND (1) [A] 0.01 NA 2.1
1,2,4-Trichlorobenzene ND (1) ND (1) ND (1) ND (1) 70 70 140
1,2,4-Trimethylbenzene ND (1) ND (1) ND (1) ND (1) NA NA 1000
1,2-Dibromo-3-chloropropane (DBCP) ND (1) [AB] ND (1) [AB] ND (1) [AB] ND (1) [AB] 0.4 0.2 1.2
1,2-Dibromoethane (Ethylene Dibromide) ND (1) [AB] ND (1) [AB] ND (1) [AB] ND (1) [AB] 0.2 0.05 8.7
1,2-Dichlorobenzene ND (1) ND (1) ND (1) ND (1) 200 600 12000
1,2-Dichloroethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 4 5 140
1,2-Dichloropropane ND (1) ND (1) ND (1) ND (1) 10 5 22
1,3,5-Trichlorobenzene ND (1) ND (1) ND (1) ND (1) 40 NA NA
1,3,5-Trimethylbenzene ND (1) ND (1) ND (1) ND (1) NA NA 1100
1,3-Dichlorobenzene ND (1) ND (1) ND (1) ND (1) 1 NA 6200
1,3-Dichloropropane ND (1) ND (1) ND (1) ND (1) 100 NA 100000
1,4-Dichlorobenzene ND (1) ND (1) ND (1) ND (1) 70 75 400
2,2-Dichloropropane ND (1) ND (1) ND (1) ND (1) NA NA NA
2-Butanone (Methyl Ethyl Ketone) ND (5) ND (5) ND (5) ND (5) 4000 NA 9000
2-Chlorotoluene ND (1) ND (1) ND (1) ND (1) 100 NA 3300
2-Hexanone (Methyl Butyl Ketone) ND (5) ND (5) ND (5) ND (5) NA NA 240
2-Phenylbutane (sec-Butylbenzene) ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA 100000
4-Chlorotoluene ND (1) ND (1) ND (1) ND (1) 500 NA 100000
4-Methyl-2-Pentanone (Methyl Isobutyl Ketone) ND (5) ND (5) ND (5) ND (5) 500 NA 5800
Acetone ND (5) ND (5) ND (5) ND (5) 6000 NA 100000
Acrylonitrile ND (5) [A] ND (5) [A] ND (5) [A] ND (5) [A] 0.6 NA 11
Benzene ND (0.5) ND (0.5) 0.55 0.56 4 5 350
Bromobenzene ND (1) ND (1) ND (1) ND (1) NA NA 1200
Bromodichloromethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 6 80 130
Bromoform ND (1) ND (1) ND (1) ND (1) 40 80 5500
Bromomethane (Methyl Bromide) ND (1) ND (1) ND (1) ND (1) 10 NA 490
Carbon disulfide ND (1) ND (1) ND (1) ND (1) 600 NA 3100
Carbon tetrachloride ND (0.5) ND (0.5) ND (0.5) ND (0.5) 5 5 700
Chlorobenzene ND (0.5) ND (0.5) ND (0.5) ND (0.5) 100 100 2600
Chlorobromomethane ND (1) ND (1) ND (1) ND (1) 100 NA 600
Chloroethane 2.2 ND (1) 1.2 4 7 NA 16000
Chloroform (Trichloromethane) ND (0.75) ND (0.75) ND (0.75) ND (0.75) 70 80 170
Chloromethane (Methyl Chloride) ND (2) ND (2) ND (2) ND (2) 20 NA 11000
cis-1,2-Dichloroethene ND (0.5) ND (0.5) 0.64 ND (0.5) 10 70 3700
cis-1,3-Dichloropropene ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA NA
Cymene (p-Isopropyltoluene) ND (0.5) ND (0.5) ND (0.5) ND (0.5) 70 NA NA
Dibromochloromethane ND (0.5) ND (0.5) ND (0.5) ND (0.5) 4 80 53000
Dibromomethane ND (1) ND (1) ND (1) ND (1) NA NA 280
Dichlorodifluoromethane (CFC-12) ND (2) ND (2) ND (2) ND (2) 1000 NA 5400
Diisopropyl ether (DIPE) ND (1) ND (1) ND (1) ND (1) NA NA 3700
Ethyl Ether 2 ND (1) 19 1.9 NA NA 14000
Ethylbenzene ND (0.5) 0.82 ND (0.5) ND (0.5) 30 700 1400
Hexachlorobutadiene ND (0.5) ND (0.5) ND (0.5) ND (0.5) 4 NA 230
Iodomethane ND (5) ND (5) ND (5) ND (5) NA NA NA
Isopropylbenzene (Cumene) ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA 500
Methyl Tert Butyl Ether (MTBE) ND (1) ND (1) ND (1) ND (1) 35 NA 13000
Methylene chloride (Dichloromethane) ND (3) ND (3) ND (3) ND (3) 40 5 4900
Naphthalene ND (1) 49 [AC] ND (1) ND (1) 10 NA 19
n-Butylbenzene ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA 100000
n-Propylbenzene ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA 4900
Styrene ND (1) ND (1) ND (1) ND (1) 100 100 15000
Tert-Amyl Methyl Ether (TAME) ND (1) ND (1) ND (1) ND (1) NA NA NA
Tert-Butyl Alcohol (tert-Butanol) ND (10) ND (10) 15 ND (10) NA NA NA
Tert-Butyl Ethyl Ether (ETBE) ND (1) ND (1) ND (1) ND (1) NA NA NA
tert-Butylbenzene ND (1) ND (1) ND (1) ND (1) NA NA 25000
Tetrachloroethene ND (0.5) ND (0.5) ND (0.5) ND (0.5) 40 5 250
Tetrahydrofuran 2.7 ND (2) 15 2.6 600 NA 16000
Toluene ND (0.75) ND (0.75) ND (0.75) ND (0.75) 600 1000 24000
trans-1,2-Dichloroethene ND (0.75) ND (0.75) ND (0.75) ND (0.75) 100 100 3900
trans-1,3-Dichloropropene ND (0.5) ND (0.5) ND (0.5) ND (0.5) NA NA NA
trans-1,4-Dichloro-2-butene ND (2.5) [C] ND (2.5) [C] ND (2.5) [C] ND (2.5) [C] NA NA 1
Trichloroethene ND (0.5) ND (0.5) ND (0.5) ND (0.5) 4 5 12
Trichlorofluoromethane (CFC-11) ND (1) ND (1) ND (1) ND (1) 2000 NA 5900
Vinyl acetate ND (5) ND (5) ND (5) ND (5) 7000 NA 180
Vinyl chloride ND (0.2) ND (0.2) ND (0.2) ND (0.2) 0.2 2 0.22
Xylene (total) ND (1) ND (1) ND (1) ND (1) 1000 10000 2100

Aug-22
MEGs for 
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Construction 
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Groundwater 
RAGs 
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APPENDIX A 
Test Boring Logs and 

Rock Core Photographs 
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Brown, slightly moist, very stiff, Silty CLAY, trace coarse gravel
-CLAY CAP-(CL)
PID Readings=Not Detected
MgM=CH4=OK
Similar to above, except stiff, cobble pieces
-CLAY CAP-(CL)
PID Readings=Not Detected
MgM=CH4=2.6

4.0
Cobble layer from 4 to 5 ft

5.0
Dark grey, slightly moist, hard, Silty CLAY, trace fine to coarse
sand, trace gravel, cobble pieces, approximately 30% waste of
newspaper, trash plastic bag, fine plastic netting
-LANDFILL WASTE AND COVER-(CL)
PID Readings=Not Detected
MgM=CH4=0.2
Note: Driller moved rig approximately 3 ft to avoid obstruction at
approximately 6 ft.

6.0
Bottom of Exploration at 6.0 feet below ground surface.

Note: Boring moved approximately 3 ft to avoid obstruction at
approximately 6 ft depth. See Test Boring Report HA22-1B for
soil description of continued boring.

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-1

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 46.7 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 3.0 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-29-2022/6-29-2022 Drilling Method: SSA/HW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324629; E2402438 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: 29.7 ft

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-1
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0

5

10

15

20

25

4D

5D

6D

7D

8D

9D

10D

11D

12D

13D

24/12

24/12

24/3

24/12

24/4

24/3

24/8

24/14

24/20

24/22

6.0 - 8.0

8.0 - 10.0

10.0 - 12.0

12.0 - 14.0

14.0 - 16.0

16.0 - 18.0

18.0 - 20.0

20.0 - 22.0

22.0 - 24.0

24.0 - 26.0

4/3/4/5

4/3/4/5

19/34/60/35

11/19/22/14

8/4/2/2

2/3/6/8

5/3/3/2

20/42/42/46

9/20/22/24

9/10/14/14

7

7

94

41

6

9

6

84

42

24

 10

 10

135

 59

  9

 13

  9

121

 60

 35

40.7

36.7

34.7

32.7

28.4

26.7
26.4

Driller moved rig approximately 3 ft to avoid obstruction at
approximately 6 ft depth at boring location HA22-1. See Test
Boring Report HA22-1 for soil description for 0 to 6 ft depth.

6.0
Dark grey, slightly moist, stiff, Silty CLAY, trace sand, some
cobble pieces
-LANDFILL WASTE AND COVER-(CL)
PID Readings=Not Detected
MgM=OK
Similar to 4D, except trace gravel, approximately 0.5-in. thick
layer of black ash, approximately 30% waste of newspaper, wood,
plastic bags, glass, metal
-LANDFILL WASTE AND COVER-(CL)

10.0
Grey, moist, very dense, granitic piece of COBBLE, trace metal,
rag, poor recovery, waste approximately 20%
-LANDFILL WASTE AND COVER-(CL)

12.0
Grey, wet, very dense, fine to coarse SAND, little silt, trace
gravel, poorly-graded, approximately 40% waste of newspaper,
plastic bags, approximately 3-in. black ash layer beneath waste
-LANDFILL WASTE AND COVER-(SP)

14.0
Brown, wet, loose, fine to coarse SAND, trace silt, well-graded,
washed soil
-LANDFILL WASTE AND COVER-(SW)
Similar to 8D, except medium dense and trace glass, plastic
-LANDFILL WASTE AND COVER-(SW)

Dark brown, wet, loose, fine to coarse SAND, trace silt, well-
graded, trace glass (approximately 10%)
-LANDFILL WASTE AND COVER-(SW-SM)

18.3
Dark grey, wet, loose, Silty SAND
-LANDFILL WASTE AND COVER-(SM)

20.0
Grey, slightly moist, hard, Silty CLAY, trace nail
-LANDFILL WASTE AND COVER-(CL)

20.3
Brown and grey mottled, slightly moist, hard, Silty CLAY
-MARINE DEPOSIT-(REWORKED) (CL)
Similar to 11D
-MARINE DEPOSIT-(REWORKED) (CL)
Brown and grey mottled, slightly moist, hard, Silty CLAY
-MARINE DEPOSIT-(REWORKED) (CL)

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-1B(OW)

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 46.7 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 3.0 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-29-2022/6-30-2022 Drilling Method: SSA/HW/NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324629; E2402438 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: 29.7 ft

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-1B(OW)
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25

30

35

40

45

50

14D

15D

16D

17D

R1

24/24

24/24

24/24

24/20

60/51

26.0 - 28.0

28.0 - 30.0

30.0 - 32.0

35.0 - 37.0

39.0 - 44.0

13/15/16/20

6/8/12/14

5/9/10/12

20/20/27/29

RQD = 85%

31

20

19

47

 45

 29

 27

 68

RC

NQ
Core

18.2

15.2

12.1

8.7

8.0

2.7

Similar to 13D
-MARINE DEPOSIT-(REWORKED) (CL)

Similar to 13D, except very stiff
-MARINE DEPOSIT-(REWORKED) (CL)

28.5
Grey-brown,slightly moist, very stiff, Silty CLAY
-MARINE DEPOSIT-(REWORKED) (CL)
Grey-brown, slightly moist, very stiff, Silty CLAY
-MARINE DEPOSIT-(REWORKED) (CL)

31.5
Grey, slightly moist, very stiff, Silty CLAY, layered depositional
structure
-MARINE DEPOSIT-(CL)

34.6
Grey-brown, slightly moist, very dense, fine to coarse SAND,
trace silt, little gravel, loosely bonded
-GLACIAL TILL-(SP)

38.0
COBBLES

38.7
Top of Bedrock El. 8.0
Note: Advanced roller bit to 39.0 ft and begin NQ rock core.
R1: Dark grey, porphyritic BASALT with occasional 1-in. thick
clasts, very hard, fresh, massive, solid core stem.
Rock Quality=Good
-DENNYS FORMATION-
Recovery=85%
R1 Core Times (min:sec): 39.0-40.0' (3:30); 40.0-41.0' (3:00);
41.0-42.0' (2:30); 42.0-43.0' (2:00); 43.0-44.0' (2:30)

44.0
Bottom of Exploration at 44.0 feet below ground surface.

Note: Installed Observation Well. See Observation Well Report
HA22-1(OW) for details.

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-1B(OW)

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 46.7 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 3.0 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-29-2022/6-30-2022 Drilling Method: SSA/HW/NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324629; E2402438 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: 29.7 ft

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-1B(OW)
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0

5

10

15

20

25

1D

2D

3D

4D

R1

R2

24/18

24/20

24/20

24/22

20/18

39.6/23

0.0 - 2.0

2.0 - 4.0

4.0 - 6.0

6.0 - 8.0

10.3 - 12.0

12.0 - 15.3

2/2/5/8

2/7/8/11

4/7/9/10

4/6/9/12

RQD = 70%

RQD = 43%

7

15

16

15

 10

 22

 23

 22

RC

NQ
Core

10.6

3.6

-2.7

Brown grading to grey-brown, slightly moist, stiff, Silty CLAY,
reworked
-CLAY CAP-(CL)
PID Readings=1.7 ppm
MgM=OK

2.0
Grey-brown, slightly moist, very stiff, Silty CLAY, layered
depositional structure
-MARINE DEPOSIT-(CL)
PID Reading=1.0 ppm
MgM=OK
Grey-brown mottled, slightly moist to moist, very stiff, Silty
CLAY, fissures of wet grey clay
-MARINE DEPOSIT-(CL)
PID Readings=0.7 ppm
MgM=OK
Grey-brown, slightly moist, very stiff, Silty CLAY, layered
depositional structure, occasional fine sand partings
-MARINE DEPOSIT-(CL)
PID Readings=0.2 ppm
MgM=OK
Note: Advanced NW 3-in. casing to 9.0 ft.

9.0
Top of Bedrock El. 3.6
Note: Advanced roller bit to 10.0 ft and begin NQ rock coring.
R1: Dark grey, porphyritic BASALT,  very hard to hard, fresh to
slightly weathered. Primary joints dipping horizontally, spaced
moderately close,  open. Joint surfaces moderately weathered
with iron staining. Joint infilled with approximately 0.5 in. grey
fine to coarse silty sand. Secondary joints dipping at moderate
angles, smooth, planar.
Rock Quality=Fair
-DENNYS FORMATION-
Recovery=90%
R1 Core Times (min:sec): 10.3-11.0' (5:00); 11.0-12.0' (4:00)
R2: Similar to R1.
Rock Quality=Poor
-DENNYS FORMATION-
Recovery=58%
R2 Core Times (min:sec): 12.0-13.0' (4:00); 13.0-14.0' (3:00);
14.0-15.3' (4:00)

15.3
Bottom of Exploration at 15.3 feet below ground surface.

Note: Installed Observation Well. See Observation Well Report
HA22-2(OW) for details.

WC=30
LL=45
PL=23
PI=22

CL

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-2(OW)

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 12.6 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 3.0 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-27-2022/6-28-2022 Drilling Method: SSA/HW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324616; E2402555 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: 3.6 ft

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-2(OW)
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0

5

10

15

20

25

1D

2D

3D

4D

5D

6D

7D

8D

24/18

24/16

24/6

24/16

24/20

24/20

24/24

24/24

0.0 - 2.0

2.0 - 4.0

4.0 - 6.0

6.0 - 8.0

8.0 - 10.0

10.0 - 12.0

15.0 - 17.0

20.0 - 22.0

1/3/4/3

2/2/3/3

1/2/2/2

1/2/6/6

4/7/9/11

3/7/8/11

3/4/5/7

WOH/WOH/3/3

7

5

4

8

16

15

9

3

 10

  7

  6

 12

 23

 22

 13

  4

24.4

18.7

2.7

1.9

Grey and brown, slightly moist, stiff,  Silty CLAY, poorly-graded
sand layer approximately 0.5-in. thick, no odor
-CLAY CAP-(CL)
PID Readings=7.8 ppm
MgM=OK

2.0
Grey, moist, medium stiff, Silty CLAY, few 0.5-in. thick sand
layers, trace ash seam, few layers of plastic sheeting, septic-like
odor
-LANDFILL WASTE-(CL)
PID Readings=0.8 ppm
MgM=OK
Similar to 2D, except wet, trace fine sand, thin seam of blue
plastic sheeting, thin seam of newspaper, few sand seams
approximately 0.5-in. spaced approximately 3 to 4 in.
-LANDFILL WASTE-(CL)
PID Readings=0.2 ppm
MgM=0.8 CH4
Grey, wet, stiff, Silty CLAY, few black ash layers, trace metal,
glass pieces, plastic sheeting, insulation pieces, no odor
-LANDFILL WASTE-(CL)
PID Readings=0.0 ppm
MgM=1.1 CH4

7.7
Brown, slightly moist, stiff, Silty CLAY, layered depositional
structure
-MARINE DEPOSIT-(CL)
Grey-brown mottled, slightly moist, very stiff, Silty CLAY,
layered depositional structure
-MARINE DEPOSIT-(CL)
Similar to 5D
-MARINE DEPOSIT-(CL)

Grey-brown, slightly moist, stiff, Silty CLAY
-MARINE DEPOSIT-(CL)

Grey, slightly moist, medium stiff, Silty CLAY
-MARINE DEPOSIT-(CL)

23.7
Note: Drilling change noted while advancing casing. Casing
refusal at 24.8 ft.

WC=29
LL=38
PL=20
PI=18

CL

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-5

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 26.4 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 1.375 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-28-2022/6-29-2022 Drilling Method: SSA/HW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324780; E2402399 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: --

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

3.0-in. diameter split-spoon used to sample 1D to 6D.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-5
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25

30

35

40

45

50

9D

10D

R1

24/12

12/6

60/57

26.0 - 28.0

30.5 - 31.5

32.5 - 37.5

16/10/11/11

20/30

RQD = 78%

21  30

RC

NQ

Core

0.4

-2.4

-4.1

-5.1

-11.1

24.5
Cobbles

26.0
Grey, wet, medium dense, fine to coarse SAND, little silt, trace
gravel, poorly-graded, one silt laminae
-FLUVIAL DEPOSIT-(SM)

Note: Rollerbit to 28.8 ft and cored from 28.8 to 30.5 ft.
28.8

Boulder and Cobbles

30.5
Grey-brown, wet, dense to very dense, fine to coarse SAND, trace
silt, little gravel, well-graded, loosely bonded
-GLACIAL TILL-(SW)

31.5
Top of Bedrock El. -5.1
Note: Advance roller bit to 32.5 ft and begin NQ rock coring.
R1: Dark grey, white, aphanitic to coarse-grained, basaltic TUFF-
BRECCIA, very hard to hard, slightly weathered. Primary joints
dipping at horizontal to low angles, spaced very close to
moderately close, open. No infilling. Joint surfaces slightly iron-
stained,  calcite coatings.
Rock Mass=Good
-DENNYS FORMATION-
Recovery=95%
R1 Core Times (min:sec): 32.5-33.5' (3:00); 33.5-34.5' (2:00);
34.5-35.5' (3:00); 35.5-36.5' (3:00); 36.5-37.5' (2:00)

37.5
Bottom of Exploration at 37.5 feet below ground surface.

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-5

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 26.4 Auger ID/OD:

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 1.375 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30;HW-300#/16

Date Start/Finish: 6-28-2022/6-29-2022 Drilling Method: SSA/HW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: N324780; E2402399 Casing ID/OD: HW-4.0 in. ID/NW-3.0 in. ID Water Level*: --

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

3.0-in. diameter split-spoon used to sample 1D to 6D.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-5
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24/22
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0.0 - 2.0

2.0 - 4.0

4.0 - 6.0

WOH/2/2/7

10/23/36/38

7/10/11/13
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59

21

  6

 85

 30

16.0

11.0

Grey and brown, slightly moist, medium stiff, silty CLAY, trace
plastic bag, reworked structure to approximately 1 ft
-CLAY CAP-(CL)

1.0

Grey-brown mottled, slightly moist, hard, Silty CLAY, layered
depositional structure
-MARINE DEPOSIT-(CL)

Similar to 2D, except very stiff

6.0
Bottom of Exploration at 6.0 feet below ground surface.

No Refusal

WC=26
LL=40
PL=22
PI=18

CL

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-6

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 17.0 Auger ID/OD: --

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 3.0 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30

Date Start/Finish: 6-29-2022/6-29-2022 Drilling Method: SSA Drive Core Barrel: --

Boring Location: N324827; E2402414 Casing ID/OD: -- Water Level*: --

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-6
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24/16

10.0 - 12.0

20.0 - 22.0

22.0 - 24.0

2/2/3/4

6/4/4/4

17/30/37/44

5

8

67

  7

 12

 96
30.5

Grey-brown, slightly  moist, medium stiff, silty CLAY, trace fine
sand, trace gravel, approximately 10% waste of plastic bags
-LANDFILL WASTE AND COVER-(CL)

Grey, wet, stiff, Silty CLAY, trace fine to coarse sand, trace
gravel,  approximately 30% waste of plastic,  glass and wire
-LANDFILL WASTE AND COVER-(CL)

22.0
Brown, slightly moist, hard, Silty CLAY, reworked
-MARINE DEPOSIT (REWORKED)-(CL)

Maine Department of Transportation Project: Machias Landfill
Machias Dike Bridge

Boring No.: HA22-7

Soil/Rock Exploration Log
Location: Machias, Maine

US CUSTOMARY UNITS WIN: 16714.00

Driller: New England Boring Co., Inc. Elevation (ft.) 52.5 Auger ID/OD: --

Operator: T. Schaeffer Datum: NAVD 88 Sampler: Split-Spoon 1.375 in. ID

Logged By: H. Hollauer Rig Type: B53 Mobile Drill Hammer Wt./Fall: SS-140#/30

Date Start/Finish: 7-01-2022/7-01-2022 Drilling Method: SSA/HW Drive Core Barrel: --

Boring Location: N324632; E2402378 Casing ID/OD: HW-4.0 in. ID Water Level*: --

Hammer Efficiency Factor: 0.863 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

3.0-in. diameter split-spoon used to sample 1D.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: HA22-7
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